The NMDA receptor (NMDAR) is a component of excitatory synapses and a key participant in synaptic plasticity. We investigated the role of two domains in the C terminus of the NR2B subunit-the PDZ binding domain and the clathrin adaptor protein (AP-2) binding motif-in the synaptic localization of NMDA receptors. NR2B subunits lacking functional PDZ binding are excluded from the synapse. Mutations in the AP-2 binding motif, YEKL, significantly increase the number of synaptic receptors and allow the synaptic localization of NR2B subunits lacking PDZ binding. Peptides corresponding to YEKL increase the synaptic response within minutes. In contrast, the NR2A subunit localizes to the synapse in the absence of PDZ binding and is not altered by mutations in its motif corresponding to YEKL of NR2B. This study identifies a dynamic regulation of synaptic NR2B-containing NMDARs through PDZ protein-mediated stabilization and AP-2-mediated internalization that is modulated by phosphorylation by Fyn kinase.
Introduction
The identification of the molecular mechanisms involved in the regulation of synaptic receptors is essential to understanding how synaptic plasticity is regulated. Our understanding of AMPA receptor regulation has grown in recent years as key interacting proteins have been identified and mechanisms controlling these interactions have been elucidated (Malinow and Previous work identified an AP-2 binding site that functions as an internalization motif, YEKL ( Figure 1A) , that is important in regulating surface expression of constructs containing the distal C terminus of the NR2B subunit (Roche et al., 2001 ). However, this study did not address the questions of whether or not internalization involving the YEKL motif played a role in controlling synaptic receptors or if only extrasynaptic receptors were regulated in this fashion. The age-dependent decrease in the internalization of NMDARs in cultured neurons was consistent with internalization restricted to extrasynaptic receptors. In the present study, we investigated the molecular basis of NMDAR internalization and the role of PDZ proteins in regulating synaptic NMDARs. We find that three processes, PDZ anchoring, AP-2-mediated internalization, and phosphorylation of Y1472 together play a key role in the regulation of NR2B-containing synaptic NMDARs.
Results

Mutation at Y1472 of NR2B Increases the Number of Synaptic NMDARs
We used cerebellar granule cells (CGCs) in culture, a system that allows precise analysis of functional NMDARs that form when transfected NR2 subunits coassemble with the native NR1 subunit population (Prybylowski et al., 2002) . Expression of NR2B WT caused an increase in the current density in response to applied NMDA (200 M NMDA/20 M D-serine), as previously shown (Prybylowski et al., 2002) . Expression of Y1472A caused a significant increase in the current density, which was not different from NR2B WT expression ( Figures 1A-1C) . Experiments in HEK cells also indicated similar surface expression levels and cell death (data not shown). Therefore, a similar number of total surface NMDARs are present with expression of either Y1472A or NR2B WT.
We then analyzed NMDA miniature excitatory postsynaptic currents (NMDA-mEPSCs) in transfected CGCs. Expression of NR2B WT caused a slowing of the deactivation kinetics of the NMDA-mEPSC (due to the slow kinetics of NMDARs containing the NR2B subunit [CullCandy et al., 2001]) without a change in the amplitude of response (Figures 1D-1F ). This indicates that NR2B- containing receptors entered the synapse, which was previously confirmed by an increase in the ability of a NR2B-selective antagonist to block NMDA-mEPSCs (Prybylowski et al., 2002) . In contrast to NR2B WT, expression of Y1472A caused both an increase in the amplitude and a slowing of the deactivation kinetics of the NMDA-mEPSC (Figures 1D-1F ). Statistical analyses indicate that NMDA-mEPSCs from Y1472A-transfected CGCs were larger than both control and NR2B WTtransfected CGCs (p < 0.01). There was no significant change in the frequency of NMDA-mEPSCs among the different groups (control, 0.07 ± 0.01 Hz; 2B WT, 0.07 ± 0.01 Hz; Y1472A, 0.07 ± 0.01 Hz). Because of the low background noise, single-channel currents could be directly resolved from the tails of NMDA-mEPSCs (Prybylowski There was also no difference in agonist affinity between NR2B WT and Y1472A, and similar results were obtained with mutation of Y1472G compared to Y1472A (data not shown). Although synaptic NMDARs may not be saturated by glutamate release by a single vesicle, a larger receptor pool would increase the amplitude of response independently of whether the receptor pool is saturated. In addition, a change in the open probability of the receptor would likely cause a change in the response to agonist, which is the same for 2B WT and Y1472A. The increased NMDA-mEPSC amplitude without a change in single-channel conductance, therefore, suggests that NR2B-containing NMDARs with mutation at Y1472 are increased in number at the synapse compared to those containing NR2B WT subunits.
Relationship of the PDZ Binding Domain and AP-2-Dependent Internalization
The increased NMDA-mEPSC amplitude of Y1472A without a corresponding change in the current density of response to NMDA (which measures both synaptic and extrasynaptic NMDARs) suggests that the change was limited to the synapse. Deletion of the PDZ binding We then tested an NR2B construct with a double mutation at both Y1472A and S1480A (Y1472A/S1480A), (Figures 2A1-2A3 ). As shown in Figure 2A1 , NMDA-mEPSCs from Y1472A/ S1480A-transfected CGCs closely resembled Y1472A-transfected CGCs. This result was reproduced with another double mutant, Y1472A/1481stop, which lacks the last amino acid of the NR2B subunit (V1482) that is critical for PDZ binding (Hung and Sheng, 2002) . Y1472A/1481stop also caused both a slowing of the deactivation kinetics as well as an increased amplitude of the NMDA-mEPSC (Figures 2A1-2A3) .
Since Y1472 of NR2B may be associated with functions in addition to mediating the interaction with AP-2, we studied the other critical amino acid of the YXXf consensus site, L1475 (Bonifacino and Traub, 2003) . Mutation of this site to a nonpermissive amino acid should have an effect similar to that of Y1472A mutation if the results obtained from the latter mutation were due to the disruption of AP-2 binding. L1475A/S1480A also slowed the deactivation kinetics and caused an amplitude increase of the NMDA-mEPSC (Figure 2A) . These results showed that mutation of the AP-2 binding site of NR2B, without altering Y1472, could compensate for the loss of the PDZ binding domain and allow localization of NR2B-containing NMDARs at the synapse.
It is possible that mutation of the AP-2 binding site created a novel interaction between PDZ proteins and the NR2B subunit. To address this, we expressed PSD-95-GFP and NR1-1a with WT and mutated NR2B subunits in HEK 293 cells and analyzed their coimmunoprecipitation. As seen in Figure 2B , NMDAR subunits containing the S1480A mutation or the double mutation Y1472A/S1480A in the NR2B subunit showed no significant interaction with PSD-95. Although the mutation Y1472A/S1480A does not bind well to PSD-95, we cannot rule out that this construct has novel protein-protein interactions. We therefore tested the effect of altering interactions with AP-2 more directly using a dominant-negative construct of the 2 subunit.
The 2 subunit of the AP-2 complex has been shown to interact with the YXXf consensus motif (Nakatsu and Ohno, 2003) . Using a yeast two-hybrid assay, we verified that the mutations in the AP-2 binding motif (either Y1472A or L1475A), with or without mutation of S1480A, blocked the interaction with the 2 subunit of AP-2 (data not shown). We cotransfected S1480A with 2 WT and 2 W421A subunits into CGCs to confirm the role of the AP-2 complex in regulating NR2B localization. 2 W421A has been previously shown to block internalization of proteins with tyrosine-based internalization motifs through the AP-2 complex (Nesterov et al., 1999; Vissel et al., 2001 ). Therefore, 2 W421A can be used to characterize the role of AP-2-dependent internalization due to tyrosine motifs. Coexpression of 2 WT had no effect in S1480A-transfected CGCs ( Figure  2C ). However, coexpression of 2 W421A caused a significant increase in the deactivation kinetics and amplitude of NMDA-mEPSCs in S1480A-transfected CGCs ( Figure 2C ). Therefore, NR2B-containing NMDARs that lack normal PDZ binding are able to localize to the synapse if AP-2-dependent internalization is blocked. Expression of 2 W421A also caused a smaller but significant increase in the NMDA-mEPSC amplitude in CGCs that were not transfected with exogenous NMDAR subunits (22.0 ± 0.4 pA versus 19.9 ± 0.2 pA, for 2 W421A [n = 10] and control [n = 23], respectively; p < 0.05, Student's t test), suggesting that endogenous synaptic NMDARs are also regulated by internalization.
Immunostaining of NR2B-Containing Receptors
To provide an independent means of examining the effect of mutations of the NR2B subunit on its synaptic localization and to verify that differences in subunit trafficking could be seen in a different type of neuron, immunocytochemistry was performed using cultures of hippocampal neurons (Figure 3) . In all studies (electrophysiology and immunocytochemistry), we used NR2B constructs that were epitope-tagged in the extracellular domain to allow surface labeling of receptors in intact neurons (as described in Prybylowski et al., 2002). As NR2B is retained in the endoplasmic reticulum in the absence of coassembly with NR1 (McIlhinney et al., 1998), surface NR2B staining is an indicator of the location of the assembled NR1/NR2 complex. The distribution of surface-labeled NR2 subunits was compared to that of the presynaptic marker, Bassoon.
Neurons transfected with Y1472A or Y1472A/S1480A had a significantly higher density and intensity of dendritic Flag-stained puncta compared to neurons transfected with NR2B WT or S1480A (Figure 3 ). Neurons transfected with Y1472A or Y1472A/S1480A also had a significantly greater Bassoon colocalization than 2B WT. This fits well with our data showing increased NMDA-mEPSC amplitude in CGCs transfected with Y1472A or Y1472A/S1480A and suggests that this increased amplitude is due to an increased number of receptors at the synapse. With transfection of S1480A, we saw a decrease in puncta density and intensity in the dendrite. The strong decrease in S1480A in the dendrite (as determined by intensity and density) suggests that this construct does not compete well against endogenous receptors for localization in the dendrites, in agreement with a previous report that an NR2B subunit with decreased PDZ binding showed decreased punctate surface dendritic staining ( The increased density of puncta and the increased intensity of surface staining associated with Bassoon in neurons transfected with Y1472A and Y1472A/S1480A compared to those transfected with NR2B WT or S1480A directly support our electrophysiological results. In particular, we see that the Y1472A/S1480A subunit shows increased puncta density and intensity as well as increased colocalization with Bassoon compared to S1480A. This fits well with our electrophysiological data that indicate that the double mutation at Y1472A/ S1480A allows NR2B localization at the synapse in comparison to S1480A, which is excluded from NMDAmEPSCs. The continued colocalization of S1480A with presynaptic markers is likely due to the inability of immunocytochemistry to differentiate between synaptic receptors and receptors found elsewhere on the dendritic spine, including perisynaptic and extrasynaptic receptors. Previous studies (Barria and Malinow, 2002) have shown that deletion of the PDZ binding domain of NR2B decreases its synaptic localization but not necessarily its perisynaptic or extrasynaptic localization.
A Peptide Including the YEKL Motif of NR2B Increases Synaptic NMDA Receptors
We then explored the possibility that AP-2 binding to NR2B could be competed by a peptide that contains Dendritic puncta were analyzed after transfection with different constructs. Five dendritic sections were measured and averaged to give a value for each cell included. At least 11 cells were counted from two separate transfections for each group. In comparison to NR2B WT, the S1480A mutant showed a decrease in intensity while Y1472A and Y1472A/S1480A showed an increase in intensity (*p < 0.05). Y1472A/S1480A shows a significantly greater puncta intensity compared to S1480A (#p < 0.01, Student's t test). (C) Colocalization of Flag puncta to Bassoon puncta was measured. Value is given in percent colocalization (defined as the number of Flag puncta overlapping or adjacent to Bassoon puncta, divided by the total number of Flag puncta). In comparison to 2B WT, Y1472A and Y1472A/S1480A show increased colocalization with Bassoon, while the S1480A mutant does not show a significant difference. There was a significant difference in percent colocalization with Bassoon in comparing S1480A and Y1472A/S1480A (Student's t test, #p < 0.01). (D) The Y1472A and Y1472A/S1480A mutants show increased density (number of puncta/10 m) of puncta compared to 2B WT, while the S1480A mutant shows decreased density of puncta. In comparison to the S1480A mutant, the Y1472A/S1480A showed significantly higher density of puncta (Student's t test, #p < 0.01). Error bars represent mean ± SEM. the distal C terminus of NR2B including the YEKL motif but without the PDZ binding domain (NGHVYEKLSSIE, the YEKL peptide). In particular, this study could measure changes in endogenous receptors without expression of exogenous subunits. Our control was the identical peptide with a substitution of alanine at the tyrosine residue (NGHVAEKLSSIE, the AEKL peptide), which would not compete for AP-2 binding to NR2B. Figures 5A-5C ), indicating that tyrosine phosphorylation is sufficient to allow the synaptic localization of NR2B subunits lack- Figure 6B . Thus, faster deactivation kinetics of NMDA-mEPSCs is a marker of the synaptic localization of the NR2A subunit. An S1462A mutant of NR2A was studied with mutation of the serine in the PDZ binding domain. S1462A mutation of NR2A corresponds to S1480A mutation of NR2B, as the NR2A and NR2B subunits have identical PDZ binding domains, SDV, at their distal C termini (see Figure 6A ). S1462A expression produces NMDA-mEPSCs with significantly faster deactivation kinetics than control. The deactivation kinetics of S1462A was indistinguishable from those obtained with NR2A WT (Figures 6B and 6D) . Thus, unlike the exclusion of NR2B subunits lacking PDZ binding domains (S1480A) from the synapse (Figure 2) , NR2A subunits lacking a PDZ binding domain still localize to the synapse.
Since the synaptic exclusion of NR2B subunits lacking PDZ binding domains can be reversed by disruption of AP-2 binding to the YEKL motif of NR2B (Figure 2) , we hypothesized that NR2A subunits lacking a PDZ binding domain localize to the synapse because NR2A-containing NMDARs are not controlled by AP-2 binding to a distal consensus tyrosine motif YKKM containing Y1454 (which has been shown to poorly bind the 2 subunit of AP-2 [Lavezzari et al., 2004] ). We found that expression of an NR2A mutant at Y1454A (the distal tyrosine corresponding to Y1472 in NR2B) produced fast NMDA-mEPSCs similar to NR2A WT, with no change in the amplitude from control or NR2A WT (Figure 6) . Thus, mutation of the YKKM motif of the NR2A subunit does not promote the synaptic localization of NMDARs, suggesting that the distal tyrosine motif of NR2B is a subunit-specific regulator of NMDAR localization.
Since normal PDZ binding is necessary for localizing NR2B, but not NR2A, to the synapse, this difference could be due to the differences in amino acids between NR2B and NR2A in the distal C terminus ( Figure 6A ). We generated a construct, 2AMut5, which is NR2A with five amino acid mutations to create a sequence identical to that of NR2B in its last 16 amino acids (five amino acids were mutated: R1451G, R1452H, K1455E, M1457L, and P1458S; Figure 6A ). 2AMut5 entered the synapse as measured by the fast deactivation kinetics of NMDA-mEPSCs in CGCs transfected with this construct compared to control. These deactivation kinetics with 2AMut5 were not statistically different from those of NR2A WT ( Figure 6D ). Thus, NR2A can enter the synapse with the distal amino acids of NR2B.
To investigate whether 2AMut5 is dependent upon PDZ binding for localization at the synapse as is NR2B, we generated 2AMut6, which has the five mutations present in 2AMut5 as well as a mutation of the serine of the PDZ binding domain (S1462A). We found that expression of any of the NR2A constructs caused a similar increase in the whole-cell response, indicating similar surface expression levels (current density after application was no change in the deactivation kinetics of NMDAmEPSCS in CGCs compared to control, indicating that this 2AMut6 subunit does not localize at the synapse, unlike NR2A WT (Figure 6 ). The deactivation kinetics of NMDA-mEPSCs from CGCs transfected with NR2A WT, S1462A, Y1454A, or 2AMut5 were significantly faster than 2AMut6-transfected CGCs ( Figure 6D ). We also find that while 2A WT shows little binding to the 2 subunit of AP-2 in a yeast two-hybrid assay, 2AMut5 shows increased binding comparable to that seen for the NR2B subunit (data not shown). Therefore, amino acid differences between NR2A and NR2B in their distal C terminus dictate their AP-2 binding and trafficking properties.
Discussion
Our results show that stabilization through a PDZ protein and internalization through an interaction with AP-2 are important determinants of the number and composition of synaptic NR2B-containing NMDARs. 
Regulation of Synaptic and Extrasynaptic NMDARs
Although NMDARs are concentrated at synapses, functional NMDARs are known to localize at extrasynaptic sites, with potential differences in the role of synaptic versus extrasynaptic NMDARs. In particular, synaptic NMDARs have been proposed to mediate signaling pathways that promote neuronal survival, while extrasynaptic NMDARs play a role in excitotoxicity (Hardingham and Bading, 2003). We have shown previously (Prybylowski et al., 2002 ) that expression of NR2A WT or NR2B WT subunits in CGCs causes a significant increase in the amplitude of response to agonist application (which activates all surface receptors) with no change in the amplitude or frequency of NMDA-mEPSCs. This provided evidence that while the extrasynaptic receptor population can be regulated by the total amount of assembled complexes, the synaptic NMDAR population is regulated independently of the availability of subunit complexes.
We found in the present study that mutations in either the PDZ binding domain or the YEKL motif of the NR2B subunit similarly only affect the synaptic NMDAR population, without a significant effect on the whole-cell response. It has been previously shown that a peptide that blocks AP-2 binding to the GluR2 subunit of the AMPAR does not alter basal synaptic AMPA transmission or affect total surface expression of AMPARs, but these peptides block both NMDA-induced internalization of AMPARs and long-term depression of synaptic responses (Lee et al., 2002) . Therefore, synaptic NMDA and AMPA receptors may be specifically controlled by internalization. Previous studies have suggested that extrasynaptic NMDA receptors may also be regulated by internalization (Li et al., 2002; Roche et al., 2001 ).
Since our results suggest that the YEKL motif of NR2B does not influence extrasynaptic receptors, an interesting possibility is that the internalization of synaptic and extrasynaptic receptors involves different endocytic motifs in the C termini of the subunits. ., 2004) . We directly studied the differences in NR2A and NR2B by generating the construct NR2AMut5 that is identical to NR2A except in its last 16 amino acids, which are identical to those of NR2B. NR2AMut5 entered the synapse, but with mutation of the serine of the PDZ binding domain (NR2A-Mut6), this construct did not localize to the synapse. Thus, mutation of the C terminus of NR2A involving substitution of the amino acids of NR2B generates a subunit that is dependent upon PDZ binding to localize at the synapse.
Subunit-Specific Regulation of NMDARs
Since the PDZ binding domains of NR2B and NR2A are identical, our data on the ability of NR2A and the inability of NR2B to traffic to the synapse in the absence of PDZ binding are surprising. However, other findings in other studies could be attributable to differences in the PDZ interactions of these subunits. NR2A knockout mice show a developmental loss of miniature NMDA currents, which likely corresponds to loss of NMDARs that are spatially closest to release sites (Townsend et al., 2003) . In contrast, electrically evoked currents are maintained in these NR2A knockout mice, suggesting that the remaining NMDARs (predominantly NR2B-containing) are spatially more distant from release sites but can respond to glutamate diffusion produced by release of multiple vesicles. In addition, these authors found a decreased binding of PSD-95 to NR2B in the absence of NR2A. This led to a model suggesting that activity-dependent insertion of PSD-95 into the postsynaptic density (PSD) of NR2A knockout mice leads to a NMDAR-free "hole" in the synapse due to loss of NR2B (Townsend et al., 2003) . Our data provide mechanistic support for these findings and indicate that the NR2B subunit is under internalization pressure in the absence of PDZ binding. Since the NR2A subunit can localize to the synapse in the absence of PDZ binding, it suggests that this subunit may be relatively resistant to changes in the postsynaptic density because it does not have the internalization behavior of NR2B.
Evidence for Dynamic Regulation of Synaptic NMDARs by Internalization
Our studies on the interaction between the NR2B subunit and AP-2 using a peptide corresponding to the distal portion of the NR2B subunit, including the YEKL motif but excluding the PDZ binding domain, revealed a surprisingly rapid change in synaptic NMDA receptors. Infusion of the peptide led to a significant increase in the amplitude of the NMDA-mEPSC within 10 min (Figure 4 
Experimental Procedures
DNA Constructs NR2B-Flag (NR2B subunit tagged at the N terminus with Flag epitope, a gift of Dr. F. Anne Stephenson, UCL) has been previously described (Hawkins et al., 1999) . The cDNA was isolated from mouse brain and has a sequence identical to that of GenBank # D10651. The NR2A was a gift of Dr. Peter Seeburg (Max Planck Institute), and a myc tag was placed immediately after its leader sequence at amino acid position 23. All constructs were generated with site-directed mutagenesis (QuikChange Site-Directed Mutagenesis Kit, Stratagene) using NR2B-Flag or NR2A-myc as the template. All constructs were verified by DNA sequencing. 2 WT and 2 W421A subunits of the AP-2 complex were gifts from Dr. Alexander Sorkin (UCHSC). Fyn Y531F was a gift of Dr. Dorit Ron (UCSF). 
Cerebellar Granule Cell Culture
Solutions and Drugs for Electrophysiology
The recording chamber was continuously perfused at a rate of 5 ml/min with an extracellular media composed of (in mM): 145 mM NaCl, 5 mM KCl, 1 mM MgCl 2 , 1 mM CaCl 2 , 5 mM HEPES, 5 mM glucose, 25 mM sucrose, 0.25 mg/l phenol red, and 20 M D-serine (all from Sigma). Successfully transfected cells (2-4 days after transfection) were visualized using GFP fluorescence. CGCs were voltage clamped at −60 mV, and whole-cell recordings were performed (using Axopatch 200; Axon Instruments). CGCs transfected with 2 constructs were recorded at least 3-4 days after transfection to allow assembly into AP-2 complexes. A potassium gluconate recording solution was used containing: 145 mM potassium gluconate, 10 mM HEPES, 5 mM ATP-Mg, 0.2 mM GTP-Na, and 10 mM BAPTA, adjusted to pH 7.2 with KOH. Drug application was done using a multibarrel pipette controlled by a stepper motor (SF77b; World Precision Instruments). To measure NMDA-mEPSCs,
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-free extracellular solution with 1 M tetrodotoxin (TTX), 5 M NBQX, and 50 M bicuculline (Sigma) was applied to the cell being recorded. All experiments were performed at room temperature (24-26°C). Data analysis of NMDA-mEPSCs was done as previously described (Prybylowski et al., 2002 ) using Clampfit 9 (Axon Instruments) and Minianalysis (Synaptosoft). For detecting NMDAmEPSCs, events that were larger than 9 pA were included (at least two overlapping channel openings). NMDA-mEPSC averages were determined from at least 30 events in each cell studied. Fitting of the decay phase of averaged currents was performed using a simplex algorithm for least-squares exponential fitting routines, and we used a weighted mean decay time constant 
Imaging of Surface-Stained Neurons
Culturing of E18 hippocampal neurons using neurobasal media and B27 supplement has been described (Sans et al., 2000) . Transfections of Flag-tagged NR2B constructs were done with DIV14 neurons using calcium phosphate, followed by staining 48 hr later. Neurons were incubated with polyclonal antibodies against Flag (Sigma) at 1:1000 in culture medium for 1 hr at room temperature and then with indocarbocyanine (Cy3)-conjugated anti-rabbit antibody (Jackson ImmunoResearch Laboratories) at 1:1000 dilution for 1 hr. Coverslips were then fixed with paraformaldehyde (4%) and permeabilized with 0.025 Triton-X. Bassoon staining (Stressgen Bioreagents, British Columbia, Canada) was done at a 1:800 dilution of primary antibody for 1 hr followed by a 1:1000 dilution of FITC-conjugated anti-mouse antibody (Jackson Immunoresearch Laboratories). Images were analyzed using Metamorph software. For quantification, five 100 m dendritic regions were selected from at least 11 transfected neurons (from two separate cultures). Measurements from individual dendritic regions were first grouped and averaged; means from different neurons in each group were then averaged. Colocalization with Bassoon was defined as having overlapping or adjacent pixels.
Peptide Studies
Peptides of the NR2B tail were generated by Princeton BioMolecules. One contained the YEKL motif (NGHVYEKLSSIE, YEKL peptide) while the control peptide lacked the internalization motif present in NR2B (NGHVAEKLSSIE, AEKL peptide). To allow normal internalization in these experiments, they were performed with a recording solution that lacked BAPTA. Recordings were done with the peptide (100 M) included in recording solution containing protease inhibitors (1 g/ml each of aprotonin and leupeptin).
Yeast Two-Hybrid Protein Interaction Assay
The interaction between NR2B C-terminal tails (from aa 1315 to 1482) with various mutations at the YEKL motif (aa 1472-1475) and the AP-2 2 subunit was investigated with a yeast two-hybrid interaction assay. NR2B C-terminal sequences were subcloned into the binding domain containing pGBKT7 vector. The AP-2 2 subunit was subcloned into the activation domain containing pACTII vector and the positive control TGN38 was subcloned into the binding domain containing pGBT9 vector (original 2 and TGN38 constructs were gifts from Dr. Juan Bonifacino, NIH). AH109 yeast cells (BD Clontech) were cotransformed with NR2B-containing vectors (or TGN38 as a control) and 2 vector. After incubation at 30°C for 2-5 days, the presence of blue colonies was an indication of an interaction between the NR2B C terminus and the 2 subunit.
